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Background: Many patients demonstrate psychological distress and reduced physical activity before coronary artery bypass graft surgery
(CABG). Here we evaluated the addition of a brief, cognitive-behavioural intervention (the HeartOp Programme) to routine nurse counselling
for people waiting for CABG surgery.
Methods: Randomised controlled trial comparing nurse counselling with the HeartOp programme to routine nurse counselling in 204 patients
awaiting first time elective CABG. Primary outcome measures were: anxiety and length of hospital stay; secondary outcome measures were:
depression, physical functioning, cardiac misconceptions and cost utility. Measures were collected prior to randomisation and after 8 weeks
of their intervention prior to surgery, excepting length of hospital stay which was collected after discharge following surgery.
Results: 100 patients were randomised to intervention, 104 to control. At follow-up there were no differences in anxiety or length of hospital
stay. There were significant differences in depression (difference=7.79, p=0.008, 95% CI=2.04–13.54), physical functioning
(difference=0.82, p=0.001, 95%CI=0.34–1.3) and cardiac misconceptions (difference=2.56, pb0.001, 95%CI=1.64–3.48) in favour of
the HeartOp Programme. The only difference to be maintained following surgery was in cardiac misconceptions. The HeartOp Programme
was found to have an Incremental Cost Effectiveness Ratio (ICER) of £288.83 per Quality-Adjusted Life Year.
Conclusions: Nurse counselling with the HeartOp Programme reduces depression and cardiac misconceptions and improves physical
functioning before bypass surgery significantly more than nurse counselling alone and meets the accepted criteria for cost efficacy.
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Many patients find the uncertainty and fear of waiting
for coronary artery bypass (CABG) surgery to be more
disturbing than their chest pain [1,2]. This may have long
term disabling consequences, as patients adopt a sedentary
lifestyle so that the normal routines of work and active
hobbies are lost, sometimes forever [3]. As a result quality
of life and physical and mental health may decline [4].
Cognitive-behavioural chronic disease management
programmes have been shown to reduce anxiety andse.
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behavioural programme for patients with angina has been
found to reduce psychological distress and self-reported
episodes of angina as well as improving physical function-
ing [6].
Nurse-led educational programmes also reduce anxiety
and depression and improve health behaviours in patients
awaiting CABG. For example, an intervention based on
motivational interviewing was found to reduce risk factors
and improve physical and psychological functioning [7]. A
preoperative, hospital based exercise programme reduced
post-operative hospital stay and improved quality of life
[8].
One of the problems of delivering pre-surgical interven-
tions for these patients is that many live at a distance from the
hospital where the surgery is to be conducted. A recent
review of uptake of rehabilitation showed distance from the
programme and transportation problems to be major barriers
to attending hospital based rehabilitation programmes [9].
One solution is to deliver the intervention in the patients'
home. A recent systematic review and meta-analysis of
home-based rehabilitation showed it to be as effective as
hospital based programmes [10].
The aim of the study reported here was to evaluate a brief,
home-based cognitive-behavioural, phone facilitated pro-
gramme (the HeartOp Programme) for patients awaiting
elective CABG. Pre-operative nurse counselling for behaviour
change is routine care in some centres within the UK. For that
reason, we chose to compare the HeartOp Programme to
routine preoperative nurse counselling, rather than compare it
to “no intervention”, and give both interventions a similar
amount of patient contact time. It was accepted that there may
be some overlap in the interventions, and so any effects of the
HeartOp Programme would be weakened, but we believed
that it was important to test the programme against the current
version of optimal care.
1.1. Objectives
To test the HeartOp Programme in a randomised
controlled trial compared to preoperative nurse counselling.
1.1.1. Hypothesis
Patients taking part in the HeartOp Programme would
be less anxious preoperatively and have a shorter length
of stay following surgery compared to patients receiving
a similar amount of time and attention from a specialist
nurse.
2. Materials and methods
2.1. Patients and settings
Hull and East Riding local Research Ethics Committee
approved the study, and all participants gave informed
consent.Patients who were placed on the elective waiting list for
first time CABG in a tertiary centre in northern England were
screened for eligibility using the following criteria:
Inclusion criteria: All patients admitted to the routine
(non-urgent) waiting list for CABG at a cardiothor-
acic centre, ability to give informed consent.
Exclusion criteria: Exercise induced arrhythmias, loss of
systolic BP greater than 20 mm Hg during exercise stress
testing, unstable angina, a score of 4 on the Canadian
Cardiovascular Society classification for angina or the
New York Heart Association classification of heart
failure, current psychiatric problems, dementia, self report
of periods of dizziness or confusion, life threatening co-
morbidities, concurrent participation in other research.
Patients meeting the criteria were invited into the study by a
letter from their cardiac surgeon. Those wishing to participate
attended an outpatient clinic where informed consent and
baseline investigations were undertaken which included: New
York Heart Association (NYHA) classification of breath-
lessness [11], Canadian Cardiovascular Society Angina Class
(CCSAC) [12], systolic blood pressure (SBP), body mass
index (BMI), smoking status (verified by expired carbon
monoxide level), Step Test — a validated, safe and simple
clinical instrument that strongly and reliably predicts VO2max
and is sensitive to change [13].
2.2. Interventions
Both interventions consisted of a 45–60 minute first
interview conducted in the outpatients clinic by the nurse
facilitator, followed by 10–15 minute phone calls to their
home at weeks 1, 3 and 6 (+/−1 week) and then monthly
until they were admitted for their operation. As previously
stated, it was accepted that there was a possibility of some
contamination in the delivery of the interventions. For
example, smokers in both arms of the study were advised to
attend NHS smoking cessation groups as this is considered
the best practice. In order to keep contamination between the
interventions to a minimum, a prompt sheet was used to
structure the interviews and a checklist of questions for the
telephone follow-up was used for each intervention. The
written materials were different for each intervention.
2.2.1. The HeartOp Programme (experimental) intervention
The HeartOp Programme comprises of a two-part patient-
held booklet (the HeartOp Plan) which covers: cardiac myths
and misconceptions, reducing risk factors for secondary
prevention, and what to expect during the hospital stay and
subsequent recovery period. The programme also includes a
relaxation programme on audiotape or CD and a diary for
recording activity and risk factor reduction goals. The
‘facilitator’ initially aims to dispel specific cardiac mis-
conceptions (which have been shown to be predictive of
psychological distress and poor coping [14,15]), and to then
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cardiovascular risk and increase activity levels. The HeartOp
programme is introduced to the patient in a first interview
and the goals are recorded in the diary, which the patient uses
to record their progress every day. The facilitator follows-up
the patient by telephone to check misconceptions, discuss the
patient's progress and to set new goals (a method termed
goal setting and pacing which uses problem solving
techniques to set patient centred, achievable goals).
2.2.2. The nurse education and counselling (control) intervention
At the first interview patients were asked to describe their
illness experience and were offered verbal advice on their risk
factors and a description of the operation and after-care, which
was accompanied by written information (British Heart
Foundation booklets). No effort was made to elicit specific
misconceptions, but if the patient asked questions that
included these misconceptions, they were dispelled. Formal
goal setting and pacing was not used, instead patients were
given general advice on reducing risk factors. In the follow-up
phone calls patients were asked how they were managing with
their risk factor reduction and for their concerns.
Post-operatively all patients (both arms of the study) received
written and verbal advice prior to discharge on self-management
in the first 6 weeks, including advice on increasing activity,
wound care, diet and responding to common concerns about
their recovery. All patients were offered a cardiac rehabilitation
programme commencing at 6 weeks post-operatively.
2.3. Outcomes
2.3.1. Primary endpoints
1) Anxiety (State scale of the State Trait Anxiety Inventory
[STAI] — a 20-item scale [16] previously found to be
valid and reliable in people with CHD [17]),
2) Length of hospital stay (taken from case note review).
2.3.2. Secondary endpoints
1) Depression (Cardiac Depression Scale [CDS] — a 26-
item questionnaire found to be normally distributed, valid
and reliable in people with CHD [18]),
2) Physical functioning (Mobility scale of the Cardiovas-
cular Limitations and Symptoms Profile — M-CLASP.
This 4-item scale has been validated in people with CHD
and demonstrates a better correlation with performance
on a treadmill than the mobility scale of the Symptom
Impact Profile. [19]),
3) Cardiac misconceptions (pilot version of the York
Cardiac Beliefs Questionnaire — pYCBQ). This is a
24-item questionnaire of common misconceptions about
living with heart disease drawn from patient interviews. It
has shown satisfactory internal reliability (Cronbach's
alpha=0.85) and test–retest stability (r=0.88) when pilot
tested on 100 people who had undergone CABG,
4) Cost Utility (a record of costs such as GP visits and
admissions to hospital were taken from self-completedquestionnaires. Health related utility was measured using
the EQ5D [20]).
2.3.3. Data collection
T1: baseline (all data) and T2: All questionnaire measures
were collected by postal survey after the 3rd phone call of the
intervention (These would be received by the patient
approximately 8 weeks after the baseline measures.). In
order to standardise questionnaire data collection, the time
for collection of T2 data was based on the mean time to
operation of the surgeon with the shortest waiting time, as
there were considerable differences in this among the four
surgeons. Length of hospital stay was collected by case note
review following discharge (or death) after surgery. Post-
operatively, data were collected at 6 weeks, 3 months and
6 months.
2.4. Sample size
Over 600 people underwent CABG surgery at Hull
and East Yorkshire Hospitals Trust in 2001. It was esti-
mated that 400 patients would meet the inclusion criteria
for the study during the recruitment phase (01/10/2003 to
31/12/2004). Allowing for 25% refusal, it was anticipated
that approximately 300 patients would participate in the
study.
2.4.1. Power analysis
All power analyses were carried out using α=0.05, and
assuming 150 patients in each of the two groups. All tests
were two-tailed.
2.4.1.1. Anxiety. In the study by McHugh et al. [7] the
proportion of individuals who scored 11+ on the HAD
anxiety scale at follow-up were 89% (control) and 18%
(intervention). The proposed sample size had 98% power to
detect a difference in proportion of this size.
2.4.1.2. Length of hospital stay. The data presented by
Arthur et al. [8] were not in a format which allows a power
analysis to be carried out straight forwardly. If a survival
analysis approach was employed, the sample size of 150 per
group will provide 80% power, for a hazard ratio of 0.424,
using a log-rank survival test.
2.4.2. Randomisation
This was undertaken by a researcher not otherwise
involved in the study using computer-based random-
sequence generation, stratified by the four surgeons. Remote
randomisation to groups was via a remote telephone service
manned by staff not otherwise involved in the study.
Randomisation took place after patients agreed to the study
and immediately prior to the interventions. Interventions
were delivered by a nurse not involved in collecting follow-
up data. All data entry and analysis were blind to group
allocation.
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2.5.1. Data analysis
All analyses were intention to treat with linear interpola-
tion of missing data. Data were analysed using analysis of
covariance, with surgeon as a random factor, and con-
trolling for the baseline (T1) variables: NYHA, CCSAC,
BMI, systolic BP, smoking status, step-test time and T1
outcome variable. Comparison of length of hospital stay was
undertaken using survival analyses.
2.6. Economic analysis
The analysis was carried out using baseline and
preoperative data (8-weeks follow-up from baseline) using
WinBUGs version 1.4 [21] in order to employ a Bayesian
approach.Fig. 1. Flow of participant2.6.1. Measurement of resource use
The cost of patient materials used in the intervention
arm was the only cost difference between the two in-
terventions. The control group received BHF booklets
(which are free to the NHS) and the intervention received
the HeartOp Programme. Using the model of the Angina
Plan [6], it was estimated that the cost of the interven-
tion patient materials would be £10 per patient. The use
of healthcare resources in terms of GP visits and hospital
admissions were self-reported by participants at baseline
and 8 weeks.
2.6.2. Unit costs
The cost effective analysis was carried out from the
perspective of the Health Provider, the UK NHS. Prices
were based on 2003–2004 costs, in pounds sterling. The
unit cost of a single visit to a general practitioner (£22.19)s through the study.
Table 1
Baseline characteristics of the groups
HeartOp Plan (n=100) Control (n=104)
Gender: male n (%) 85 (85) 79 (76)
Current smokers: n (%) 10 (10) 8 (8)
Mean (SD) Mean (SD)
Age 64.25 (8.81) Range: 42–83 65.29 (8.51) Range: 47–83
NYHA class 2.01 (0.83) 2.15 (0.83)
Canadian angina class 2.26 (0.68) 2.17 (0.80)
Body mass index 28.79 (4.21) 29.28 (5.05)
Systolic BP 145 (20) 145 (21)
Step test time in minutes 0:01:01 0:01:04
State anxiety scale 40.01 (12.30) 41.52 (12.69)
Cardiac depression scale 93.09 (22.12) 96.78 (23.49)
Clasp mobility scale 9.06 (2.69) 9.33 (3.16)
Cardiac beliefs scale 7.25 (4.18) 8.13 (4.41)
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participant recorded a hospital admission it was assumed to
be for one night in a cardiology ward (@ £481 per night).
This cost was calculated from national averages [23] as a
percentage of the fully allocated cost per day of a
cardiology bed.
2.6.3. Utility measure
Quality-Adjusted Life Years (QALYs) were used as a
measure of health outcome for the analysis. QALYs have the
advantage of reflecting both health related quality of life and
mortality into a single index. Individuals QALYs data were
calculated using the EQ-5D questionnaire, a widely
recognised and validated generic measure of health related
quality of life. Individual's EQ-5D values were used to
calculate their specific QALYs at 8 weeks using the area
under the curve method.
Analyses were carried out to investigate the incremental
costs and utilities associated with each intervention group in
the form of the incremental cost effectiveness ratio (ICER).
The ICER represents the additional cost that the decision
maker (e.g. National Institute of Clinical Excellence in the
UK) is (on average) expected to pay to achieve an additional
QALY. As a rough guide, policy makers in the UK tend to
recommend treatments costing £30,000 per QALY or less
[24].Table 2
Comparisons on secondary endpoints preoperatively (T2)
Score at baseline Score at t2
I C I C
t2 Cardiac depression scale 93.09 96.78 81.69 93.37
t2 Clasp mobility 9.06 9.33 8.10 9.05
t2 Cardiac beliefs 7.25 8.13 4.10 7.61
(I = Intervention, C = Control, †Mean difference controlling for all of the covariates
All measures: lower scores = better outcome.)3. Results
3.1. Main analyses
3.1.1. Participant flow
See Fig. 1.
3.1.2. Recruitment
Took place from 01/10/2003 to 31/12/2004, with follow-
up to 31/10/2005. 363 patients of the 600 who were listed for
elective surgery during the recruitment phase met the study
criteria; of whom 204 consented to take part and completed
baseline data (100 were randomised to receive the HeartOp
Programme and 104 to control). Completed data were
received from 182 (89%) participants (88 HeartOp and 94
control) at T2. Six patients were not operated on during the
time of study follow-up: 4 (1HeartOp, 3 Control) were
awaiting referral to other specialities, 1(HeartOp) patient was
withdrawn from surgery by the surgeon, as not requiring it,
and 1 (HeartOp) patient withdrew from surgery after
improving her fitness markedly, following further consulta-
tion with a cardiologist.
There were no significant differences between participants
and non-participants for age (mean difference=0.82 years,
95%CI=− .99–2.64, p=0.37) or gender (Odds Ratio for
male in study: 1.38, 95%CI=0.84–2.27).Mean
diff at t2
Mean
diff†
Sig Lower Upper Eta
CI CI Sq
11.68 −7.79 0.008 2.04 13.54 0.05
0.95 −0.82 0.001 0.34 1.30 0.07
3.50 −2.56 b0.001 1.64 3.48 0.17
, positive value means intervention group was higher, negative means lower.
Fig. 2. Cost effectiveness acceptability curve.
Table 3
Resource use
During 8 weeks
follow-up
Number of cases (%)
Control (n=104) Intervention (n=100)
No. visits to NHS GP
0 (includes missing) 82 (78.9) 75 (75.0)
1–2 19 (18.3) 21 (21.0)
≥3 3 (2.9) 4 (4.0)
No. admissions to NHS Hospital
0 (includes missing) 101 (97.1) 99 (99.0)
1 3 (2.9) 1 (1.0)
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groups for any baseline characteristic or measure (Table 1).
There was no significant difference in mean wait from entry
to the study to operation, which was 112 (SD 44.83) days.
Median length of hospital stay was 7 days.
3.1.3. Primary endpoints
When controlling for NYHA, CCSAC, BMI, systolic BP,
smoking status, step-test time and T1 dependent variable;
there were no significant differences in anxiety (mean
difference when controlling for all of the covariates: 1.07,
p=0.49, 95%CI −1.98 to 4.12, Eta2=0) or length of hospital
stay (HeartOp mean (SD): 7.61(2.69) vs. Control: 8.28(4.96)
days) hazard ratio=0.98, 95% CI=0.72 to 1.34, p=0.90).
3.1.4. Secondary endpoints
Using a similar analysis strategy there were significant
differences for depression, physical functioning on CLASP
mobility scale, and cardiac beliefs (Table 2). Cohen [25]
suggested the following guidelines for evaluating the
strength of Eta squared: 0.01 is a small effect, 0.06 a
moderate effect and 0.14 a large effect.
3.1.5. Adverse events
No patient died in the preoperative period, and the small
number of people who suffered from non-fatal cardiac events
(3/204 — 2 control, 1 intervention) are not amenable to
statistical analysis. Two patients (1 intervention, 1 control)
died from side-effects of the operation (1 control fromTable 4
Cost utility figures for 8 week follow-up period
Mean cost (£) (SD) QALY (SD)
Control n=104 22.37 (6.7) n=94 0.103 (0.003)
Intervention n=100 24.10 (6.9) n=88 0.109 (0.003)
95% CrI
Cost (£) Diff intervention-
control
1.73 −17.73–20.63
QALY Diff intervention-
control
0.006 −0.002–0.015
ICER
(£/QALY)
£288.33cerebrovascular accident, and 1 intervention from infected
heart valve).
3.1.6. Post-operative follow-up
There were no significant differences on any measure
between the two groups at any post-operative follow-up,
except on cardiac misconceptions, for which the significant
difference was maintained to 6 months post-operatively
(mean difference −2.26, p=b0.001, 95%CI 1.27 to 3.25).
Anxiety and depression scores were reduced in both groups
at 6 months post-operatively compared to T2 (Anxiety: mean
difference=9.5, t=9.7, pb0.001, 95%CI 7.53 to 11.38;
Depression: mean difference=25.13, t=12.69, pb0.001,
95%CI 21.09 to 28.86).
3.2. Economic statistical analysis
3.2.1. Resource use
Table 3 shows the results relating to the main healthcare
resources use during the trial over the eight-week pre-
operative follow-up period. There was very little difference
in resource use between the two groups (£22.37 vs. £24.10)
with the intervention having a higher incremental mean cost
of £1.73 (95% credibility intervals=−17.73 to 20.63).
3.2.2. Utility measures
Mean QALYs at eight weeks were also similar for both
groups (0.103 vs. 0.109), with a differential mean QALY
favouring the intervention group of 0.006 (95% credibility
intervals=−0.002 to 0.015) (Table 4).
3.2.3. Cost effectiveness analysis
Data indicate that the intervention produced, on average,
greater QALYs of 0.006 and that the intervention cost had
slightly increased cost implications of £1.73. This corre-
sponds to an ICER (i.e. differential cost/differential QALY)
of £288.33. From the 95% credibility intervals (CrI) it can be
seen that there is uncertainty around this estimate, however,
the cost effectiveness acceptability curve (Fig. 2) suggests
there is N90% probability that a cost per QALY of b30 k is
achieved, thus the intervention is very likely to be considered
cost effective in terms of £ per QALY.
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The programme did not provide all of the benefits we had
hypothesised, specifically; days in hospital and anxiety were
not reduced. The study did not reach the sample size
suggested by the power analysis, and therefore may have
been underpowered to show differences. This may have been
particularly so for the length of hospital stay, as the effect
size in Arthur et al.'s study [8] was atypically large. The
probable reason why sample size was not reached was
because the waiting times for heart surgery fell rapidly
during the recruitment period, following a government
initiative. Immediately prior to the study commencing,
waiting times of over 6 months for non-urgent surgery were
common. As the study concluded, the waiting times had
fallen to 3 months. Taking into account the time it takes to
recruit people, this may have reduced their motivation to
participate, as surgery would seem close.
Arthur et al.'s exercise programme, which reduced days
in hospital, was aimed at improving cardiovascular fitness
[8]. Another possibility for the lack of effect on length of
hospital stay in the study reported here, where exercise was
based on daily walks, is that the programme was not
intensive enough to increase fitness to the point where it
could affect recovery time. It should be noted that the small
numbers of adverse events during the preoperative period
demonstrates the safety of such a (graded) walking
programme for patients awaiting surgery. In future a more
intensive home-based exercise programme might be tried. It
should also be noted that the patients recruited for this study
were people on a non-urgent list, which limits the applicabi-
lity of the study to more complex patients. However, it is
possible that more complex patients could benefit from the
programme, as the exercise component was based on
individual prescription through setting patient-centred goals.
The HeartOp Programme did not affect anxiety whilst
having a positive effect on depression which may be thought
unusual; the two are usually moderately related and change
together [26]. It may be that the fact that patients were very
close to the time of the operation meant that the intervention
was swamped by the normal fears most patients have at this
time. In part confirmation of this viewpoint, Arthur et al. also
reported that their intervention had no effect preoperatively
on anxiety [8], despite their intervention being compared
with routine (no intervention) care.
The HeartOp programme did show positive effects
preoperatively on depression and physical functioning,
although the differences were small. It may be that changing
the patient's misconceptions about heart disease, which is
not part of usual nurse education procedures but which is a
core component of the HeartOp Programme, helped. Many
people with heart disease have misconceptions about their
illness and how to cope with it. It has been found that people
with heart disease who hold a number of common
misconceptions are more anxious, depressed and physically
limited [15,27], and that change in the number ofmisconceptions that people with angina hold is a greater
predictor of physical functioning one year later than change
in the frequency of angina.[14] These relationships between
beliefs and outcome can be explained by Leventhal's
Common Sense Model of Illness Behaviour [28], in which
it is theorised that people build cognitive representations of
their illness which engenders an emotional response. These
parallel processes cause the adoption of certain coping
behaviours which the person then appraises to assess their
outcome. In this model, cardiac misconceptions can cause
undue anxiety which provokes the adoption of avoidance
coping with the consequence that fitness is lost and physical
functioning reduced. The York Cardiac Beliefs Question-
naire is undergoing further testing at present in order to
determine whether there are specific misconceptions about
heart disease that predict poor outcome.
The significant differences between the two interventions
were not maintained post-operatively. This is understandable
as all patients who survived operation received a programme
of advice about self-management during the immediate post-
operative period, and all were offered a place (with a 74%
take-up) on a post-operative cardiac rehabilitation pro-
gramme. Thus the majority of patients received rehabilitation
interventions with a similar focus to the HeartOp Plan in the
post-operative period. As the benefits of cardiac rehabilita-
tion are well-documented (for example, see the meta-
analysis by Taylor et al. [29]), it is not surprising that
differences between the groups were not maintained. There
is a potential that delivering prehabilitation to all patients
awaiting cardiac surgery may offset some of the problems of
people not accessing cardiac rehabilitation post-operatively.
The uptake of post-operative cardiac rehabilitation in this
study was well above that documented in a recent audit of
UK cardiac rehabilitation programmes [30], and therefore it
was not possible to assess the effect of the programme on
people who do not attend post-operative rehabilitation.
Further research is needed to assess this potential.
The HeartOp Programme appears to add worthwhile and
cost effective benefits to a regime of nurse counselling and
phone calls for patients awaiting coronary artery bypass
surgery, and can be recommended as an additional tool for
nurses working with patients in the pre-surgery period. The
training to successfully facilitate the HeartOp Plan could be
based on that used for a similar programme for people with
angina— the Angina Plan. This training is delivered entirely
by distance learning in a programme which takes between a
week and a few months to complete — depending on the
motivation of the student. This method has successfully
trained over 800 facilitators, mainly in the UK but with some
from countries across the world.
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